Abstract. This paper investigated the multi performance characteristics of wire electrical discharge machining for an optimal machining parameters to get low kerf and high material removal rate at the same time. The machining parameters i.e arc on time, on time, servo voltage and wire feed were used in this experiment. Based on L9 orthogonal array, the signal-to-noise (S/N) ratio and the analysis of variance (ANOVA) was used to study the machining parameters of DIN 1.2510 tool steel. Multi response characteristics were solved by Taguchi method combined grey relational analysis. Experimental results are provided to demonstrate the effectiveness of this method i.e. kerf decreased from 354 µm to 345 µm, while material removal rate (MRR) increased from 9,313 mm 3 /min to 13,989 mm 3 /min. From the optimization result validated in the confirmation experiment the machining parameters combination that could produce the optimum responses are arc on time of 2 A, pulse on time of 8 µs, servo voltage 80 V and wire feed 60 mm/min.
Introduction
The process of wire dielectrical discharge machining is a thermo-electric non conventional machining process based on the erosion due to electric sparks to produce complex shapes, accurate and precision using brass wire electrode [1] . Wire EDM is used on materials that are conductive with varying hardness and high precision to make workpieces such as tools, punch and dies. In wire-EDM, kerf (gap of width) and material removal rate (MRR) is two of the most significant performance. Goyal [2] has investigated the effect of tool electrode, current density, pulse on time, pulse off time, wire feed and wire tension during the wire electrical discharge machining of Inconel 625. It was suggested that the most significant factors that influence maximum material removal rate and surface roughness are current, pulse on time, cryogenic treated tool electrode. The wire electrical discharge machining can be used for advanced ceramics such as bismuth ferrite, barium titanate, Al2O3, Ti3SiC2 ceramic [3] [4] [5] [6] . Bobbili et al. [7] reported a comparison study was conducted for the aluminium alloy 7017 and rolled homogeneous armour steel in wire-EDM, and the result presents that the increase of pulse on time affected material removal rate significantly for both materials. T.R. Newton et al. [8] have examined the effect machining parameter wire-EDM of recast layer in inconel 718. Taguchi method has been widely used for optimization of a single performance characteristic [9] [10] . The material removal rate (MRR), surface roughness and kerf in wire-EDM of D2 tool steel using Taguchi's L18 orthogonal array was analyzed by Ikram et al [11] . The existance of method such as fuzzy logic, grey fuzzy logic and grey relational analysis make Taguchi method can be used to optimize of multiple responses simultaneously. Deng [12] established the theory systems of grey in 1982. It helps to solve complexed interrelationship among multi objective performance characteristics successfully. Balasubramanian et al. [13] optimized surface roughness and material removal rate width using Taguchi method and grey relational grade with Taguchi's L8 orthogonal array. This paper studies wire-EDM of DIN 1.2510 steel and optimize two characteristics performance, i.e. kerf and material removal rate using Taguchi combined grey relational analysis. The characteristic quality of kerf is smaller the better and material removal rate is having higher the better.
Experimental methods
The experimental studies were performed on a CHMER CW 32GS wire electrical discharge machine tool. This experiment used DIN 1.2510 tool steel as a workpiece material with size 300 mm x 130 mm x 40 mm. Brass wire with diameter 0,25 mm was used as an electrode. The selected machining parameters with different level have been represented in Table 1 . Based on Taguchi method, an L9 orthogonal array was selected in this experiment was represented in Table 2 . The kerf was measured by Euromex Microscope. The experiment order was run randomly with two replications to gain good validity and accuracy. 3 Results and discussion
Calculation signal to noise ratio (S/N) ratio
The experimental result and signal to noise (S/N) ratio of MRR and kerf has shown in Table 3 . The signal to noise ratio is a measure of the data set relative to the standard deviation. If the S/N is small, then the magnitude is small relative to the noise, as measured using the standard deviation. There are three S/N ratio, depending on the type ot the performance characteristics, i.e the smaller the better, higher the better, and nominal the better. In wire EDM lower the better of kerf is indications better performance, while MRR higher the better is indications better performance as equation:
Smaller the better :
Larger the better :
where n is the number of measurements, and is the measured characteristic value. Regardless of the category of performance characteristics, the greater S/N ratio corresponds to the better performance characteristics. 
Grey Relational Analysis
Since Taguchi method is only able to optimize single response performance characteristics, then the grey relational analysis optimizes multi performance characteristics. Furthermore, the optimization using Taguchi combined grey relational analysis able to identify the most significant parameter process wire-EDM that influence kerf and material removal rate. The optimization using grey relational analysis is done in the following three steps. 1st step. Normalization of kerf and material removal rate The characteristics quality of kerf smaller the better which equation as follows:
The characteristics quality of material removal rate is higher the better which equation as follows:
Where Xi*(k) and Xi (k) are normalized data and observed data for ith experiment by using kth response. 2nd steps. Calculating grey relational coefficient (GRC). The grey relational coefficient can be calculated by using equation 5. 
Where i is the grey relational grade and n is the number of process response. Hence, grey relational grade can be used to select optimal and machining parameters. The optimal value of the GRG can be computed by using equation:
Where m is total mean of GRG; q is number of input machining parameters;i is mean of GRG value at the optimal level. The result of normalization, deviation sequence, GRC of kerf and MRR and GRG is shown in Table 5 . Based on Table 6 and Figure 1 , the optimum setting of the machining process parameters is found to the experimental run no. 9, arc on time at level 1 (2 A), pulse on time at level 3 (8 µs), servo voltage at level 1 (80 V), and wire feed at level 2 (60 mm/min). The use of these conditions will minimize kerf and maximize MRR at the same time. 
Fig. 1. Grey Relational Grade (GRG) Graph
The analysis of variance (ANOVA) is used to determine significant machining parameters which influence the multi performance characteristics and the percentage contribution of each machining parameters on the responses [14] . Due to very small difference between variances of arc on time, on time, servo voltage and wire feed, no single factor can be integrated as a non influential factors [15] . Thus, ANOVA takes directly the proportion of each sum of squares of the factor effect vector (SSfactor) as the sum of squares of the total variation vector (SStotal) as a reference degree of contribution. The most influence process parameters for the GRG in order are on time, wire feed, servo voltage and arc on time. Table 7 presents the analysis of variance of GRG. The predicted GRG using the optimal level of machining parameters can be calculated by equation 7. Table 8 shows the confirmation experiment of kerf and MRR using the machining parameters. As shown Table 8 , kerf is minimized from 354 µm to 345 µm, MRR is increased from 9,131 mm 3 /min to 13,989 mm 3 /min. Also Table 8 presents that the GRG in the wire EDM machining of DIN 1.2510 with optimum setting are effectively improved through this study. 
Conclusion
In this present paper, wire-EDM of DIN 1.2510 is carried out input parameters considered as arc on time, on time, servo voltage, and wire feed, and the response parameters as kerf and MRR. Taguchi's L9 orthogonal array design is used for performing wire EDM.
1) It was found that an arc on time of 2 A, on time of 8 µs, servo voltage of 80 V, and wire feed of 60 mm/min is the optimal combination of input parameters. 2) ANOVA explained that pulse on time is the most influence parameter in effecting the response machining parameters. 3) The optimization using Taguchi combined grey relational analysis improved significantly the production of wire EDM of DIN 1.2510.
